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FRP Composite Pipe Piling

AGENDA INFO
• Typical Applications 
• Manufacturing Process and Materials 
• Design Values and Validation
• Standard Details
• Installation Techniques
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Marina Guide Piles Structural Piles Fender Piles

Bridge Fender Systems Floating Dock Piles Dolphin Piles
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STATUE OF LIBERTY – FHWA PROJECT
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TWIGG BRIDGE ~ VIRGINIA DOT



Grassy Sound - NJ
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FRP Piles Designed to Act in Composite Action with Concrete Fill
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FUEL PIER - USN POINT LOMA



CRANEY ISLAND FUEL PIER
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Wharf Charlie – Norfolk, VA



Pier C Ferry Landing ~ NYC
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JTA Ferry
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Oxy Wingwall ~ Long Beach, CA
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AMTRAK BRIDGE FENDER NIANTIC RIVER

DOLPHIN PILES
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JACKSONVILLE FIREBOAT PIER
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FERRY COVE OYSTER HATCHERY ~ 
OXFORD, MD
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MAINE DOT ~ GOODWIN BRIDGE

BEARING PILES



FLOATING DOCK PILES
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DOCK PILES
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Fort Anderson, Brunswick, NC
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USCG ~ ATON’s
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Duke Energy Toxaway Bridge ~  
Gorges State Park, Sapphire, NC

Wilfred Avenue Salamander Crossings
~  Sonoma, CA

Boat Lifts



The DETAILS ~ Why COMPOSITES?
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Material Properties, How Do Pultruded Composites Stack Up?
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• Superior Tensile Strength/Stronger than A-36 Steel
• Linear Stress/Strain Curve with Little to No Yield

• Superior Compression Strength/Stronger 6061-T6 Aluminum
• Compression Strength and Compression Buckling Normally Govern 

the Design when Strength Governs

TENSILE STRENGTH

COMPRESSION 
STRENGTH
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MODULUS 
OF ELASTICITY

• Lower Shear Strength than Steel and Aluminum
• Lower Shear Modulus than Steel and Aluminum; Serviceability Calculations Should  

Include Shear Deflection Computations, Especially for Short Spans

SHEAR 
STRENGTH

Material Properties, How Do Pultruded Composites Stack Up?



FRP PIPE piles Are Manufactured By 
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PULTRUSION

VACCUM INFUSION

FILAMENT WINDING



Fiber Architecture
FRP PIPE Piling is made of E-glass Reinforcements. 
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Unidirectional roving make 
up the bulk of the 
longitudinal properties

Engineered fabrics are 
stitched unidirectional that 
form a mat.
The roving are stitched at 
predetermined angles

Thermoplastic polyester 
veils are applied to the 
outer surface for added UV 
protection
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FRP Materials can have various 
• resin formulations 
• fiber types
• fiber orientations and fiber architectures

FRP has a modulus of elasticity of about 1/6th that of steel 

FRP materials do not have a traditional yield strength

What is CRITICAL FOR YOUR DESIGN???
• Service Life/Longevity
• Resiliency
• Application(s)

Designing an FRP Pipe Pile structure



• How have they derived their data?
• Characteristic Design Values Have Been Developed And Published Per ______?
• The Capacities Were Developed From Full Section Testing?
• Failure Load Is Defined As ______?
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What testing has the Manufacturer performed?



What testing has the Manufacturer performed?
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Axial Load Testing

Shear Testing

4-point bend test



Characteristic Design Strengths Should Be Published per 
ASTM D7290 
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It is an internationally recognized standard for evaluating 
material property characteristic values for polymeric 
composites for civil engineering structural applications.

The characteristic value is a statistically-based material 
property representing the 80% lower confidence bound on 
the 5th-percentile value of a specified population.

Why ASTM D7290?



Writing a Spec.  
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ASTM D7290 derived design strengths 
should be specified. 

Can be used for ASD or LRFD design basis. 

Moment capacity derived via the 
LRFD Manual of Pultruded Fiber 
Reinforced Polymer Structures

Note that the average modulus of 
elasticity values should be used for 
serviceability calculations 



• Hollow Composite Pipe Piles Require Attention To The Connection Details.
• Design Connection Details to Decrease the Point Load Stress

• Excessive Point Loads Should Be Avoided. 

• Attention to Bolt Holes ~ Pin Bearing.
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Engineering details



• Long Column Loading, Follows Euler Buckling

• At an unsupported length of 8’, a 10” diameter x 3/8” wall FRP pile

has an ultimate load capacity of 627,864 lbf

We typically recommend a 3x Factor of Safety be applied to the ultimate capacity. 

This is assuming an effective length coefficient K=1 (pinned-pinned end conditions).
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Engineering details



Engineering a Fender System  
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• Why do composites make sense for a Fender System?

• Depending upon the final use, various Modeling software is readily available 
• The soil resistance and strain energy of the fender system is analyzed.
• The fender system geometric layout is optimized based on the permissible 

deflection of the system. 
• The energy is derived by the application of a static load applied to the non-linear 

three-dimensional soil pile model. 
• Minimum pile tip elevations are determined such that the moment capacity of the 

pile can be reached before soil failure. FB-MultiPier v4.19.3



Why is FRP better than Steel?
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FiberPILE system absorbs 4.4x the amount of energy of 
the system with a significant decrease in the pile 

moment.
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Installation
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Contractors typically drive with a male or female insert which aids in installation.



Installation
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Piles are efficiently driven using industry standard driving equipment 
including diesel, vibratory and drop-end hammers. 



Installation
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Can you Splice FRP Piles?
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Ravenswood Bridge, Dania Beach, FL

Fiberglass Reinforced Filament Wound splices 
were utilized in areas with low overhead 
clearance, powerlines, etc.



INSTALLATION Acoustics
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More focus on reducing installation Acoustics

Driving acoustics often restrict the  construction calendar 

Not an issue with FRP piles

Testing in the James River indicated ~ Peak sound levels did not 
exceed the background sound pressure levels 

Maximum peak sound pressure level was significantly lower 
than the Calif Fisheries (FWGP) threshold



Concluding Points 
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• Safety factors of 2.5 are recommended for members in bending and 3.0 for shear

• FRP pipe piles are corrosion resistant, offer longevity and typically drive as 2x fast as solid piles

• Engineers should specify material design properties based on ASTM D7290 

• PDA analysis suggests that 16” FRP piles have a driving resistance of up to 350 kips  

• Stiffer soils will more than likely require a cutting shoe or driving tip

• Always specify the manufactures recommended hardware to avoid stress risers 

• Caps and connecters are common and offered by most manufacturers

• Consult with the manufacturer for proper design values, construction details and installation techniques – Not all 
FRP pipe piles are the same!
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Presenter: Corey Sechler
Technical Sales Manager ~ Waterfront Solutions
Creative Composite Group
csechler@pultrude.com
www.creativecompositesgroup.com
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Tuesday June 22nd
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Thank You!

Questions?

mailto:dtroutman@pultrude.com
http://www.creativecompositesgroup.com/
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